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V\VWHPSUHVVXUHKDGWREHDVVXPHGEHFDXVHIORZUDWHLVDIXQFWLRQRISUHVVXUH$VVXPLQJDSUHVVXUHRIEDUZLWK
DQDYHUDJHIORZUDWHGHULYHGIURPWKHPDQXIDFWXUHU¶VVSHFLILFDWLRQVDWƐPLQSHUVSUD\HURSHUDWLQJILYHVSUD\HUV
DWDWLPHZLOOUHVXOWLQEHƐPLQSHU]RQH4]7KHIROORZLQJHTXDWLRQFRXOGEHGHULYHGWRFDOFXODWHWKHDFWXDO
VXPPHUPRQWKO\LUULJDWLRQGHPDQG4DFWXDO


] SZ
DFWXDO
4 7(4    
ZKHUH
4]  )ORZUDWHSHULUULJDWLRQ]RQH
7  7LPHSHULUULJDWLRQHYHQW
(SZ  (YHQWVSHUZHHN
7KHWKHRUHWLFDOFURSUHTXLUHPHQW4FURSZDVFDOFXODWHGXVLQJWKHIROORZLQJHTXDWLRQ
  ± FURS L WR EF U HS4 $ ( . 3 ) u u   
ZKHUH
$L  7KHDUHDRIDSURSHUW\WKDWLVXQGHULUULJDWLRQ
(WR  (YDSRWUDQVSLUDWLRQ
.EF  &URSFRHIILFLHQW
3U  3UHFLSLWDWLRQ
)HS  (IIHFWLYHSUHFLSLWDWLRQIDFWRU
7KHLUULJDWLRQHIILFLHQF\ZDVGHWHUPLQHGIRUHDFKSURSHUW\ LQ(VWDWH$WKDWKDGSDUWLFLSDWHGLQWKHVXUYH\7KH
GLVWULEXWLRQ ILWWLQJ WRRO DYDLODEOH LQ WKH#5LVN VRIWZDUH ZDV XVHG WR ILW D SUREDELOLW\ IXQFWLRQ WR WKH ,UULJDWLRQ
HIILFLHQF\GDWD)LJLOOXVWUDWHVWKHSURSRVHGSUREDELOLW\GLVWULEXWLRQIXQFWLRQ
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,UULJDWHGDUHD
7KHSURSHUWLHVZHUHFODVVLILHGLQVHSDUDWHSURSHUW\VL]HFODVVHV(DFKRIWKHSURSHUWLHVLQWKHVHFODVVHVFRXOGKDYH
GLIIHUHQWUHODWLYHLUULJDWLRQDUHDVRIWHQGHSLFWHGDVDSHUFHQWDJHRIWKHWRWDOSURSHUW\DUHD*RRJOH(DUWKLQFRQMXQFWLRQ
ZLWK$XWR&$'VRIWZDUHZDVXVHGWRPHDVXUHDOOWKHODQGVFDSHGDUHDVRIWKHSURSHUWLHVDQDO\VHGRQ(VWDWH$7KH
SRWHQWLDOLUULJDWHGDUHDVZHUHOLVWHGDJDLQVWWKHWRWDOSURSHUW\DUHDV7KHSHUFHQWDJHRILUULJDWHGDUHDVZDVFDOFXODWHG
E\GLYLGLQJWKHLUULJDWHGDUHDE\WKHWRWDOVXUIDFHDUHD+HUHDIWHUWKHGDWDZDVVRUWHGDFFRUGLQJWRWRWDOSURSHUW\VL]H
DQGVHSDUDWHGLQWRWKHSURSRVHGSURSHUW\VL]HFODVVHV7KHSHUFHQWDJHRILUULJDWLRQDUHDYHUVXVIUHTXHQF\RIRFFXUUHQFH
ZDVFDOFXODWHGDQGILWWHGZLWKSUREDELOLW\GLVWULEXWLRQIXQFWLRQVXVLQJ#5LVNVRIWZDUH'XULQJWKHDQDO\VHVWKHUHZHUH
OLPLWHGSURSHUWLHVWKDWFRXOGEHFRPSOHWHO\FRQVWUXFWHGLQWKHPDQGWKHPDYDLODEOHRQWKH*RRJOH(DUWK
,PDJHV)RUWKHSXUSRVHVRIWKLVVWXG\LWLVSURSRVHGWKDWWKHSUREDELOLW\GLVWULEXWLRQIXQFWLRQVRIWKHPDQGWKH
PFODVVHVEHXVHGWRVLPXODWHWKHPDQGWKHPFODVVHVUHVSHFWLYHO\


)LJ/RJQRUPDOGLVWULEXWLRQILWWRLUULJDWLRQHIILFLHQF\GDWD
&URSFRHIILFLHQW
7KHDHULDOSKRWRJUDSKUHVROXWLRQDYDLODEOHRQ*RRJOH(DUWKPDNHV LWGLIILFXOW WRGLIIHUHQWLDWHEHWZHHQ W\SHVRI
YHJHWDWLRQ8SRQLQYHVWLJDWLRQRIWKHODQGVFDSLQJJXLGHOLQHVRI(VWDWH$LWZDVGHWHFWHGWKDWWKHFURSFRHIILFLHQWVRI
WKHDOORZDEOHFURSVRQWKHVLWHYDU\EHWZHHQDQGZLWKJUDVVEHLQJWKHPRVWOLNHO\$WULDQJXODUGLVWULEXWLRQ
ZDVVHOHFWHGIRULWVUREXVWQHVVDQGVLPSOLFLW\$KLJKUHVROXWLRQDHULDOSKRWRJUDSKIURPRI(VWDWH$VKRZHG
SURSHUWLHVZKHUHFRQVWUXFWLRQZDVFRPSOHWH2QDYHUDJHWKHJUDVVFRYHURIWKHVHSURSHUWLHVZDVDQGWKHWUHHV
VKUXEVDQGRWKHUSODQWVFRQVWLWXWHG7KLVLQGLFDWHVWKDWWKHSUREDELOLW\WKDWJUDVVZLOOEHSODQWHGWLPHVKLJKHU
WKDQ WKH SUREDELOLW\ WKDW WUHHV VKUXEV DQG RWKHU SODQWVZLOO EH SODQWHG/LPLWHG LQIRUPDWLRQZDV DYDLODEOH RI WKH
EHKDYLRXUDO DVSHFWV RI JDUGHQ OD\RXWV7KH LQGHSWK LQYHVWLJDWLRQRI WKLV SDUDPHWHU FRXOG LQ IXWXUH IRUPSDUW RI
H[WHQVLRQRIWKLVVWXG\
3RRO6XUIDFH$UHDDQG3RRO2ZQHUVKLS)DFWRU
7KHLPDJHU\IURP*RRJOH(DUWKZDVXVHGWRGHWHUPLQHWKHVXUIDFHDUHDRISRROVDWSURSHUWLHVLIWKH\KDYHSRROV,W
ZDVGHWHUPLQHGWKDWRISURSHUWLHVKDGSRROVDQGWKHLUVXUIDFHDUHDVYDULHGEHWZHHQPDQGP7KH
ZDVDSSOLHGWRWKH0RQWH&DUORVLPXODWLRQVDVDIL[HGSRRORZQHUVKLSIDFWRU)SR7KHPHDVXUHGSRROVXUIDFHDUHD
GDWDVHWZDVDJDLQDQDO\VHGE\WKH#5LVNVRIWZDUHDIWHUZKLFKWKHSUREDELOLW\GLVWULEXWLRQIXQFWLRQZDVXWLOLVHGLQWKH
0RQWH&DUOR6LPXODWLRQ
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3RROPDLQWHQDQFHRFFXUUHQFHVDQGZDWHUOHYHOGUDZGRZQ
$TXHVWLRQQDLUHZDVGLVWULEXWHGWRVHYHQLQGHSHQGHQWKRPHRZQHUVNQRZQWRKDYHSRROV7KHGDWDIRUWKHZLQWHU
DQGVXPPHUHYHQWRFFXUUHQFHVSHUPRQWKZHUHFRPELQHGWRREWDLQDFRPELQHGSUREDELOLW\GLVWULEXWLRQIXQFWLRQIRU
WKHVXPPHUDQGZLQWHUHYHQWV6HH)LJ

)LJ3RROVXUIDFHDUHD*DPPDGLVWULEXWLRQILW

)LJ0DLQWHQDQFHRFFXUUHQFHV0D[LPXP([WUHPH9DOXHGLVWULEXWLRQILW
,QRUGHUWRREWDLQWKHDPRXQWRISRROGUDZGRZQSHUPDLQWHQDQFHHYHQWLWZDVQHFHVVDU\WRUHVHDUFKWKHVWDQGDUG
SRROSXPSRSHUDWLQJIORZUDWH$FFRUGLQJWRWKHVSHFLILFDWLRQVWKHVWDQGDUG:KLUOSRROPRGHO673SRROSXPSKDG
DIORZUDWHRIƐPLQ7KHSRROOHYHOGUDZGRZQFRXOGEHFDOFXODWHGE\PXOWLSO\LQJWKHIORZUDWHE\WKHDPRXQWRI
RSHUDWLRQDOWLPHGLYLGHGE\WKHSRROVXUIDFHDUHDV7KHSRROGUDZGRZQSHUSRROPDLQWHQDQFHHYHQWZDVDOVRDQDO\]HG
DQGILWWHGZLWKDW\SLFDOXQLIRUPSUREDELOLW\GLVWULEXWLRQIXQFWLRQ
7\SLFDOUHVXOWV
,QRUGHUWRW\SLFDOO\LOOXVWUDWHWKHUHVXOWVRIWKHPRGHOVLPXODWLRQVZHUHFRQGXFWHGRQWKHH[LVWLQJGDWDRI IRXU
JURXSVRIKRXVHVWKDWIRUPHGSDUWRIWKH5(8:6GDWDEDVHVWXG\FRQGXFWHGE\0D\HUDQG'H2UHR>@7KHVHJURXSV
ZHUHVHOHFWHGEHFDXVHWKHUHZHUHVXIILFLHQWRXWGRRUDQGWRWDOZDWHUFRQVXPSWLRQGDWDIRUFRPSDULVRQSXUSRVHV7KH
GDWDUHTXLUHGLQFOXGHGSURSHUW\VL]HLUULJDWHGDUHDLUULJDWLRQHIILFLHQF\HYDSRUDWLRQUDLQIDOODQGSRRORZQHUVKLS7KH
KRXVHVLQ%RXOGHU(XJHQH/RPSRFDQG3KRHQL[ZHUHVXLWDEOHIRUWKHSXUSRVHVRIWKLVVWXG\7KHVLPXODWLRQRIWKH
5(8:6GDWDFRXOGDOVREHFRPSDUHGWRDFWXDOPHWHUHGRXWGRRUZDWHUGHPDQGV)LJVDQGLOOXVWUDWHORFDWHG
DWWKHHQGRIWKHSDSHUWKHFRPSDULVRQRIUHVXOWVJUDSKLFDOO\)URPYLVXDOLQVSHFWLRQRIWKHUHVXOWVLWLVHYLGHQWWKDW
WKH(XJHQHDQG/RPSRFVLPXODWLRQUHVXOWVDUHFRPSDUDEOHWRWKHPHWHUHGRXWGRRUZDWHUFRQVXPSWLRQ%RWK%RXOGHU
DQG3KRHQL[ DUH ORFDWHG LQ DULG UHJLRQVRI1RUWKHUQ$PHULFDZKHUHZDWHU FRQVHUYDWLRQ VWUDWHJLHV VXFK DV UHEDWH
SURJUDPPHVDUHLPSOHPHQWHG

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
)LJ%RXOGHURXWGRRUZDWHUGHPDQGUHVXOWVFRPSDULVRQ

)LJ(XJHQHRXWGRRUZDWHUGHPDQGUHVXOWVFRPSDULVRQ

)LJ/RPSRFRXWGRRUZDWHUGHPDQGUHVXOWVFRPSDULVRQ

)LJ3KRHQL[RXWGRRUZDWHUGHPDQGUHVXOWVFRPSDULVRQ
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&RQFOXVLRQV
7KH RXWGRRU ZDWHU GHPDQG HVWLPDWLRQ PRGHO \LHOGHG UHVXOWV WKDW DUH FRPSDUDEOH ZLWK DFWXDO RXWGRRU ZDWHU
FRQVXPSWLRQGDWD7KLVPRGHOFRXOGWKHUHIRUHHDVLO\EHLPSOHPHQWHGWRHVWLPDWHRXWGRRUZDWHUGHPDQG)LJVIRU
IHDVLELOLW\ DQG FRQFHSW GHVLJQV RI UHVLGHQWLDO HVWDWHV ZKHUH FHUWDLQ SDUDPHWHUV VXFK DV SURSRVHG LUULJDWHG DUHDV
LUULJDWLRQ HIILFLHQF\ DQG FURS FRHIILFLHQW SURILOHV FRXOGEH UHODWLYHO\ZHOO FRQWUROOHGE\ WKH HVWDWHV¶ FRQVWLWXWLRQV
$GGLWLRQDODWWHQWLRQKDVWREHJLYHQWRLUULJDWLRQHIILFLHQF\DVWKLVSDUDPHWHUVLJQLILFDQWO\GLFWDWHVWKHRXWFRPHRIWKH
PRGHOUHVXOWV:LWKUHILQHPHQWRIWKHPRGHOLWFRXOGEHIXUWKHULPSOHPHQWHGRQDGHWDLOHGGHVLJQVFDOHRIZDWHUDQG
VHZHUDJHQHWZRUNGHVLJQV,QRUGHUWRDWWDLQKLJKHUOHYHOVRIDFFXUDF\IXUWKHUFRPSDULVRQRIWKHSDUDPHWHUVWRGDWD
FROOHFWHGIURPPXOWLSOHVLWHVFRXOGEHFRQGXFWHG
7KHFRPSDULVRQRI WKH UHVXOWVZLWK WKHJURXSVRIKRXVHV LQ WKHFLWLHVWRZQV WKDWDUH ORFDWHG LQ1RUWK$PHULFD
LQGLFWHGWKDWLWZDVSRVVLEOHWKDWWKHPRGHOFRXOGEHIXUWKHULPSOHPHQWHGLQWHUQDWLRQDOO\7KLVKRZHYHUGHSHQGVRQ
ZDWHUFRQVHUYDWLRQ LQLWLDWLYHVDQG IXUWKHU LQYHVWLJDWLRQ LQWR ORFDOFURSFRHIILFLHQWV ,Q WKHDEVHQFHRI VLWH VSHFLILF
NQRZOHGJHWKHRXWGRRUZDWHUGHPDQGRIDUHVLGHQWLDOHVWDWHFRXOGEHVLPXODWHGXVLQJEDVLFFOLPDWLFGDWDDQGHVWLPDWHG
UHVLGHQWLDOSURSHUW\VL]HVDQGTXDQWLWLHV&RPELQLQJWKHUHVXOWVIURPWKLVVWXG\ZLWKWKHLQGRRUZDWHUGHPDQGUHVXOWV
IURPDPRGHOVXFKDVWKHPRGHOGHYHORSHGE\6FKHHSHUV>@DGHYHORSHURUSODQQHUFRXOGVWRFKDVWLFDOO\HVWLPDWHWKH
WRWDOZDWHUGHPDQGRIDUHVLGHQWLDOHVWDWHRQDQDQQXDORUDPRQWKO\WHPSRUDOVFDOH7KHDSSOLFDWLRQRIDPRGHORIWKLV
QDWXUHLVZLGHVSUHDGDQGLWFDQEHDGDSWHGIRURXWGRRUZDWHUGHPDQGSUHGLFWLRQSXUSRVHVDQGHVWLPDWLRQRISRVVLEOH
ZDWHUFRQVHUYDWLRQYROXPHVVKRXOGZDWHUUHVWULFWLRQVEHLPSOHPHQWHG,QDUHDVZKHUHGXDOZDWHUVXSSO\V\VWHPVDUH
FRQVLGHUHG WKLV PRGHO FRXOG SURYLGH LQVLJKW LQWR SRVVLEOH ZDWHU VDYLQJV DQG FRXOG SURYLGH RSSRUWXQLW\ IRU WKH
HVWDEOLVKPHQWRIZDWHUXQLWSULFHV
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